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Introduction
The basic idea of formulae in obstetrics is to mini-
mize technical error and to increase the detection
rate of fetal abnormalities [1,2]. To countercheck
these reference formula, we carried out a study 
in collaboration with the Holy Family Hospital,
Karachi to develop quick and easy reference keys
(QERKs) for obstetric sonography. It was hoped 
that the developed QERKs would lead to greater
uniformity in the practice of routine ultrasound 
measurements.
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Background: Quick and easy reference keys (QERKs) are proposed for ultrasound practi-
tioners and sonographers in order that technical errors in measurement can be corrected
on screen; and if discrepancies are noted, then further targeted scanning can be carried
out to exclude underlying fetal abnormalities.
Materials and Methods: The QERKs derived at our center were compared with standard
data from various authors and were also correlated with our population in Pakistan. Our
referral center performs scanning in 23,000 cases a year. These cases are referred to us from
various hospitals and maternity homes. The scanners used for measuring various obstetric
parameters were the Toshiba Nemio 17, 20 and 30, and the Toshiba Core Vision.
Results: We derived the formulae and correlated these formulae with standardized charts
used worldwide and applied them to our population for further checking. We found the for-
mulae to be in confirmation with standard charts.
Conclusion: We propose the use of these QERKs by ultrasound practitioners and sonogra-
phers. The verified adoption on nomogram of relevant obstetric measurements in differ-
ent ethnic groups can be a difficult task. In addition, the introduction of such dedicated
numbers to different ethnic groups to be used as a reference key is another challenge. We
believe that the developed QERKs are quick and useful for first-line obstetricians who
require ultrasound scanning in daily practice.
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Materials and Methods
The QERKs derived at our center were compared
with standard data from various authors and were
also correlated with our population in Pakistan. Our
referral center performs obstetric sonography in
23,000 cases a year. These cases are referred to us
from various hospitals and maternity homes (e.g.
Jinnah Postgraduate Medical Center, a 1,100-bed
hospital; Civil Hospital, Karachi, an 800-bed hospi-
tal; Holy Family Hospital, a 50-bed hospital; Abbasi
Shaheed hospital, a 300-bed hospital; and numer-
ous maternity homes).
The scanners used included two Toshiba Xario,
one Nemio 20, one Nemio 17, one Nemio 30, and
one Toshiba Core Vision. The transducers used
included the convex (PVF-375MT), microconvex
(PVF-381MT), and endovaginal (PVF-620ST) trans-
ducers.
Gestational sac
To assess the gestational age (GA) from the gesta-
tional sac, the mean sac diameter was calculated [3].
When the mean sac diameter was 1.0 cm, this cor-
responded to 4 weeks’ gestation, and when the
mean sac diameter was 1.5 cm, this corresponded
to 5 weeks’ gestation (Table 1).
Corpus luteal cyst
The corpus luteal cyst is normally seen in first-
trimester pregnancy. The normal mean diameter
of this cyst is usually 3–7 cm (Table 2).
Crown–rump length (CRL)
The CRL is the most reliable parameter for esti-
mating gestational age up to the 11th week [4]. 
By axis rotation, the longest length of the embryo
can be measured. The yolk sac should not be in-
cluded in the measurements [5]. When the fetal
pole is just visible, this corresponds to a GA of 
6 weeks ± 3 days. When the fetal pole measures
0.7 cm, this corresponds to a GA of 7 weeks ± 3 days
[3] (Table 3). With every 1 cm increase in CRL, 
1 week ± 4 days is added to the GA, e.g. 1.2 cm
corresponds to 8 weeks ± 4 days and 2.2 cm corre-
sponds to 9 weeks ± 4 days and so on (Table 3).
Biparietal diameter (BPD)
The BPD is one of the most important parameters
for estimating GA [6–8]. Following visualization 
of accurate landmarks, the BPD is obtained by
measuring the outer to inner calvarium and the
data is inserted into the following formulae: from
6.0 cm to 9.0 cm, multiplying the BPD measure-
ment by four will give the GA. For a BPD of 9.0 cm
upwards, 0.1 cm is added for each week to obtain
the GA, i.e. 9.1 would become 37 weeks and so 
on (Table 4A). For a BPD of 5.0 cm to 2.0 cm, we
multiply by four, add 1 week at BPD of 5.0 cm and
add 2 weeks at BPD of 4.0 cm and so on (Table 4B).
These charts are very accurate to within ± 1 week
before 26 weeks of pregnancy, ± 10 days up to 
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Table 2. Corpus luteal cyst diameter in the first trimester
Mean corpus luteal 
Interpretation
cyst diameter (cm)
< 3 Normal
5 Needs follow-up
> 7 Will result in ovarian cyst
Table 1. Assessment of gestational age from gestational
sac diameter
Mean sac diameter (cm) Gestational age
1.0 4 wk
1.5 5 wk
2.5 No fetal pole; blighted ovum
Table 3. Crown–rump length (CRL) formula
CRL (cm) Gestational age
Fetal pole just visible 6 wk ± 3 d
Fetal pole measuring 0.7 cm 7 wk ± 3 d
1.2 8 wk ± 4 d
2.2 9 wk ± 4 d
3.2 10 wk ± 4 d
4.2 11 wk ± 4 d
5.2 12 wk ± 4 d
36 weeks, and ± 2 weeks until term. The complete
chart is shown in Table 4C.
Femur length (FL)
Once the correct long axis of the femur has been
obtained [9], two is added to the FL measurement,
this value is then multiplied by four which gives
the GA (Table 5). By adding two to the FL, this cor-
responds to the measurement of BPD which, when
multiplied by four, will give the GA.
Interpretation of different readings between
BPD and FL
Once the correct measurement is obtained and if a
discrepancy between BPD and FL is found, the fol-
lowing is observed: when the difference between
BPD and FL is less than 0.5 cm on either side, this is
taken as normal, but when the difference is more
than 0.5 cm on either side, a ± 1 standard devia-
tion is reported which requires follow-up scanning
within 4 weeks. Similarly, when the difference be-
tween BPD and FL is more than 1 cm on either
side, a ± 2 standard deviation is reported (Table 6),
which is strongly suspicious of fetal anomaly and
subsequent targeted scanning is performed.
Abdominal circumference (AC) formula [10,11]
The GA minus five is equal to the abdominal circum-
ference ±2 and vice versa, e.g. 30 weeks minus five
is equal to an abdominal circumference of 25 cm.
Abdominal circumference is shown in Table 7.
Head circumference (HC) formula
Head circumference is measured at the level of the
BPD [12]. The GA minus two is equal to the head
circumference ± 2 and vice versa (Table 8). How-
ever, the HC:AC ratio between 35–37 weeks of
gestation is approximately 1.
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Table 4C. Biparietal diameter (BPD) formula
BPD Gestational BPD Gestational 
(cm) age (wk) (cm) age (wk)
2.0 12 6.8 27
2.4 13 7.0 28
2.7 14 7.3 29
3.0 15 7.5 30
3.4 16 7.7 31
3.7 17 8.0 32
4.0 18 8.3 33
4.4 19 8.6 34
4.8 20 8.8 35
5.0 21 9.0 36
5.4 22 9.1 37
5.8 23 9.2 38
6.0 24 9.3 39
6.4 25 9.4 40
6.6 26 9.5 40
Table 5. Femur length (FL) formula
FL (cm) Gestational age* (wk)
4.0 24
5.0 28
6.0 32
7.0 36
*Gestational age (± 1 wk) = FL + 2 × 4.
Table 4A. Biparietal diameter (BPD) formula
BPD (cm) Gestational age (wk)
6 24*
7 28*
8 32*
9 36*
9.1 37†
9.2 38†
9.3 39†
9.4 or 9.5 40†
*For BPD of 6 to 9 cm, gestational age = BPD × 4; †for BPD > 9.0 cm,
0.1 cm is added for each week to obtain the gestational age.
Table 4B. Biparietal diameter (BPD) formula
BPD (cm) Gestational age (wk)
5 21 (i.e. BPD × 4 + 1)
4 18 (i.e. BPD × 4 + 2)
3 15 (i.e. BPD × 4 + 3)
2 12 (i.e. BPD × 4 + 4)
AC/weight
With regard to weight, the charts of Campbell et al
[13] were followed, and the weight was derived
from the AC, which is the most useful parameter for
the evaluation of weight. With an AC of 20–25 cm,
ten is subtracted and a decimal point inserted,
which gives the weight (Table 9A). At an AC of
30 cm, five is subtracted which leaves 25, and when
a decimal point is inserted, the weight becomes
2.5 kg (Table 9A). At an AC of 35 cm, a decimal
point is inserted and the weight becomes 3.5 kg.
For an AC of 26–40 cm, the following formula is
suggested: at an AC of 35 cm, the weight is 3.5 kg;
when the AC is reduced by 1.0 cm, 0.2 kg is de-
ducted; and when the AC is increased by 1.0 cm,
0.2 kg is added (Table 9B). A complete chart is
shown in Table 9C.
Humerus length
The FL minus 1 cm is equal to the humerus length
(Table 10).
Orbits formula
The outer ocular diameter multiplied by six is equal
to the GA ± 1 week (Table 11).
Amniotic fluid index (AFI)
The sum of the vertical measurement in cm of the
largest pocket in each of the four quadrants is equal
to the AFI. The AFI is correlated with the GA range
(Table 12).
Placental thickness formula
Placenta is measured in a perpendicular plane to
the chorionic plate. The QERK for placental thick-
ness is the GA value with a decimal point inserted,
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Table 9A. Abdominal circumference (AC)/weight formula
AC (cm) Formula Example
20 to 25 AC minus ten, then insert a decimal AC, 22 cm: 
point to get weight (± 0.2 kg) 22 − 10 = 12, then insert a decimal point to 12 gives 1.2 kg
AC 30 AC minus five, then insert a decimal AC, 30 cm: 
point to get weight (± 0.2 kg) 30 − 5 = 25, insert a decimal point to 25 gives 2.5 kg
Table 9B. Abdominal circumference (AC)/weight formula
AC/weight (wt) formula ± 0.2 kg AC/weight (wt) formula ± 0.2 kg
− 0.2 kg + 0.2 kg − 0.2 kg + 0.2 kg
26 27 28 29 30 31 32 cm 33 34 35 36 37 38 39 40 cm
1.7 1.9 2.1 2.3 2.5 2.7 2.9 wt 3.1 3.3 3.5 3.7 3.9 4.1 4.3 4.5 wt
Table 8. Head circumference (HC) formula
Gestational age (wk) HC* (cm)
30 28
32 30
34 32
36 34
*HC (± 2 cm) = gestational age − 2.
Table 7. Abdominal circumference (AC) formula
Gestational age (wk) AC* (cm)
20 15
25 20
30 25
35 30
*AC (± 2 cm) = gestational age − 5.
Table 6. How to interpret different readings between
biparietal diameter (BPD) and femur length (FL)
Difference between BPD and FL Interpretation
< 0.5 cm on either side Normal
> 0.5 cm on either side + 1 SD
> 1.0 cm on either side + 2 SD
SD = standard deviation.
which will give the placental thickness ± 0.5 cm
(Table 13).
Fetal kidney length
The kidneys are imaged after 18 weeks. Fetal kidney
length (± 0.5 cm) is measured by adding five to the
GA and inserting a decimal point (Table 14).
Cerebellum
The size of the cerebellum is obtained by measuring
in cm and removing the decimal point, which cor-
responds to the GA, e.g. if the cerebellum measures
2.2cm, remove the decimal point to obtain 22 which
corresponds to the GA in weeks (Table 15).
Fetal Doppler studies
Normal fetal growth is dependent upon an adequate
supply of oxygen and nutrients via the fetal–placental
circulatory system. Approximate values for the nor-
mal systolic to diastolic (S/D) ratio are 4.0 at 20
weeks, 3.0 at 30 weeks, and 2.0 at 40 weeks gesta-
tion (Table 16). When placental insufficiency or
intrauterine growth restriction (IUGR) is suspected,
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Table 9C. Abdominal circumference (AC)/weight
formula
AC (cm) Weight (kg)
20 1.0
21 1.1
22 1.2
23 1.3
24 1.4
25 1.5
26 1.7
27 1.9
28 2.1
29 2.3
30 2.5
31 2.7
32 2.9
33 3.1
34 3.3
35 3.5
36 3.7
37 3.9
38 4.1
Table 10. Femur length (FL) and humerus length (HL)
FL (cm) HL* (cm)
7 6
6 5
5 4
4 3
*Humerus is 1 cm shorter than femur.
Table 11. Gestational age from orbit formula
Outer ocular diameter (OOD) Gestational age* (wk)
4 24
5 30
6 36
*Gestational age = OOD × 6.
Table 12. Correlation of amniotic fluid index with gesta-
tional age range
Gestational age (wk) Amniotic fluid index*
28–32 13
32–36 14
36–40 13
*± 6, i.e. − 6 on the 5th percentile and + 6 on the 95th percentile.
Table 13. Placental thickness from gestational age
Gestational age (wk) Placental thickness* (cm)
15 1.5
30 3.0
40 4.0
*Placental thickness (± 0.5 cm) obtained by inserting a decimal point to
gestational age.
Table 14. Fetal kidney length from gestational age
Gestational age (wk) Fetal kidney length* (cm)
25 3.0
30 3.5
35 4.0
*Fetal kidney length (± 0.5 cm) obtained by adding 5 to gestational age
in weeks and inserting a decimal point.
the S/D ratio has to be correlated with the period of
gestation and weight of the fetus [9,14]. When the
S/D ratio is more than 3.00 and less than 5.00, this
is suggestive of placental insufficiency. When the S/D
ratio is more than 5.00 and less than 7.00, this is
suggestive of placental insufficiency or IUGR. When
the S/D ratio is more than 7.00 and less than 12.00,
this is suggestive of mild placental insufficiency or
mild IUGR. When there is absence of diastolic flow,
this is suggestive of moderate placental insufficiency
and moderate IUGR. When there is reversal of dias-
tolic flow, this is suggestive of severe placental
insufficiency or severe IUGR. A complete chart of
S/D ratios is shown in Table 17.
Middle cerebral artery (MCA)
To detect brain sparing phenomenon in IUGR, it is
important to remember the lower limit of MCA at
different stages of GA. The lower limit of MCA resist-
ance index is 0.80 at 30 weeks; with increasing 
GA, the resistance index value decreases at a rate 
of 0.01/week (Table 18).
Results
The QERKs developed in this study have been used
for the last 5 years and have been found to be not
only accurate but also confirmatory with currently
available data. With the improved resolution of ultra-
sound equipment and the enhanced skill of ultra-
sound operators, large amounts of fetal anatomic
data can be gathered by each examination. In a
recent survey, experts in obstetrics and gynecology
concluded that 66% of malformations could be
identified on a basic study and 87% on a targeted
examination. At best, a routine ultrasound study
might identify one-third to one-half of all major
anomalies. For accurate measurement, it is necessary
that optimal images are obtained at given land-
marks. One should also take into account interob-
server differences. It should also be kept in mind
that there are measurements which are optimal at
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Table 17. Systolic to diastolic (S/D) ratio in umbilical
cord is gestational age- and weight-related
S/D ratio Interpretation
> 3.00 and < 5.00 Placental insufficiency
> 5.00 and < 7.00 Insufficiency(?), IUGR
> 7.00 and < 12.00 Mild insufficiency, mild IUGR
No diastolic flow Moderate insufficiency, 
moderate IUGR
Reversal of diastolic Severe insufficiency, 
flow severe IUGR
IUGR = intrauterine growth restriction.
Table 16. Approximate normal values of systolic to
diastolic (S/D) ratio in umbilical cord
Gestational age (wk) S/D ratio
20 4.0
30 3.0
40 2.0
Table 15. Gestational age from cerebellum size
Cerebellum (cm) Gestational age* (wk)
2.2 22
3.2 32
3.5 35
*Obtained by removing the decimal point from the cerebellum size in
centimeters.
Table 18. Middle cerebral artery (MCA) resistance
index at different gestational age
Gestational age (wk) MCA resistance index
30 0.80–0.99
31 0.79–0.99
32 0.78–0.98
33 0.77–0.97
34 0.76–0.96
35 0.75–0.95
36 0.74–0.94
37 0.73–0.93
38 0.72–0.92
39 0.71–0.91
40 0.70–0.90
certain gestational ages and variations in measure-
ment increase near term.
Conclusion
We recommend that these QERKs should be used
by the sonologist/sonographer in their daily prac-
tice, which would further enhance the standard of
practice.
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